Knowledge of the spectra allowed the UV and UVBE exposures to be calculated at each site along with the exposures to the entire canopies. These were dependent on the sun angle and the canopy shape. For plant damage, the UVBE was a maximum of about 1.4 mJ cm -2 min -1 . Compared to the hemispherical canopy, the UVBE exposure for generalised plant damage was 45% less for the pinnacle canopy and 23% less for the conical canopy.
Abstract -The solar spectra at selected sites over hemispherical, conical and pinnacle plant canopy models has been evaluated with a dosimetric technique. The irradiance at the sites varies by up to a factor of 0.31 compared to the irradiance on a horizontal plane. The biologically effective (UVBE) exposures evaluated with the dosimetric technique at sites over the plant canopy are up to 19% of that on a horizontal plane. Compared to a spectroradiometer, the technique provides a more practicable method of measuring the UVBE exposures at multiple sites over a plant canopy. Usage of a dosimeter at one site to provide the exposures at that site for different sun angles introduces an error of more than 50%.
Knowledge of the spectra allowed the UV and UVBE exposures to be calculated at each site along with the exposures to the entire canopies. These were dependent on the sun angle and the canopy shape. For plant damage, the UVBE was a maximum of about 1.4 mJ cm -2 min -1 . Compared to the hemispherical canopy, the UVBE exposure for generalised plant damage was 45% less for the pinnacle canopy and 23% less for the conical canopy.
The canopy exposures could not be determined from measurements of the ambient exposure.
INTRODUCTION
The prospect of increased UVB † (280 to 320 nm) as a result of the decreased levels of stratospheric ozone has generated concerns about the effects on plants. The reasons for this are that biologically important macromolecules such as DNA, proteins and phytohormones have appreciable absorption coefficients in the UV 1, 2 . In UV sensitive plants, this may reduce by various degrees plant characteristics such as, plant height, leaf area and photosynthesis 3, 4 . Additionally, plant yield can be influenced in some varieties of food crops 5 . Due to the complexity and numerous interactions between plant responses, generalisations of the consequences of stratospheric ozone depletion are very speculative 6 and more research and data are needed before a reliable assessment can be made of the effects of increased UVB on global food production. In this research, it is necessary to measure the levels of UV and biologically effective (UVBE) exposures to plants.
Single polysulphone dosimeters have been applied to the measurement of ultraviolet (UV) exposures over hemispherical, conical and pinnacle plant canopy models 7 . Employing a single dosimeter provides the UV exposures to the plant canopy.
However, no information is provided regarding the UV spectrum.
Knowledge of the source spectrum allows the calculation of the biologically effective ultraviolet radiation for a particular and short enough so that any changes in the solar spectrum were minimal (less than 5%).
In order to allow comparison of the spectrum evaluated with the technique of four dosimeters and the actual spectrum, the system of four dosimeters was exposed to solar UV radiation on the same plane and within 30 cm of the input aperture of a calibrated spectroradiometer 9 . The plant canopy models have been exposed to solar radiation with the dosimetric system at nine sites over the hemispherical and conical canopies and eight sites over the pinnacle canopy as described in Table 1 7 which provides the angle of inclination, α relative to the horizontal and the azimuth angle, β relative to north. 
RESULTS
The differences between the solar spectra evaluated with the dosimetric technique and measured with the calibrated spectroradiometer were quantified by summing the absolute differences between the spectra at 1 nm intervals and dividing by the integrated spectral irradiance of the measured spectrum. These were less than 20%. The differences in UV and UVBE exposures for the measured and evaluated spectra were less than 20%.
For every exposure, the values of ΔA for each material at all the sites have been measured and the spectrum incident at each site has been evaluated. An example of two evaluated spectra for the 12:00 to 12:10 EST exposure on the 31 March 1995 at the NM and SM sites are plotted in Figure 3 . For the two spectra the differences in irradiance at each site is greater than the 20% difference between the evaluated irradiance and
that measured with a calibrated spectroradiometer. This is further illustrated in Table 2 For this exposure, the UVB, UVA and UVBE exposures employing the action spectrum for generalised plant damage 14 , (Action spectrum 1) and for photo-effects on cucumbers 15 (Action spectrum 2) are provided in Table 3 Table   4 , the exposure at the NM site is equal to the exposure at the As a result, it is impossible to obtain the exposure to a particular shaped canopy from the exposure to another canopy.
It is interesting to note that the biologically effective exposure for plant damage is closely related to the UVB exposure.
For every irradiation period, the ambient exposures measured on a horizontal surface with both the dosimetric technique and the Monitor Sensor instrument is higher than the exposures over each of the three canopies. For the 31 March exposures, Table 7 provides the ratio of the canopy exposures over the hemispherical, conical and pinnacle canopies compared to the ambient UVBE exposure for generalised plant damage on a horizontal surface evaluated with the dosimetric system. The final three columns are the ratio of the canopy UVB exposures compared to that measured with the Monitor Sensor radiometer.
In each case, the exposure to the canopy is less compared to the ambient exposure. For example, the pinnacle canopy receives a UVB exposure at noon which is less by a factor of 0.21 compared to the ambient UVB exposure. In addition, the ratio changes firstly with the canopy shape and secondly for the same canopy shape, the ratio changes with the sun angle.
The UVBE exposure to the pinnacle canopy is less than the ambient exposure by a factor of 0.31 compared to a factor of 0.61 for the afternoon period. Consequently, the application of a multiplication factor to the ambient exposure for conversion to canopy exposure would not produce an accurate representation of the canopy exposure. and ground cover.
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The application of the dosimetric technique to evaluate the UV spectrum at sites over a plant canopy allows a more practical and accurate assessment of the UV and UVBE exposures to the plant canopy in studies into the UV effects on plants. This will allow better intercomparison between various studies in different laboratories. Additionally, the knowledge of the evaluated spectra allows the UVBE to be calculated for any action spectra and also permits the postprocessing of the data at a later date with different action spectra. 
